A novel, non-motile, coccoid, Gram-stain-positive actinobacterium, designated BMG 862 T , was isolated from a marble sample collected from the Bulla Regia monument, Northern Tunisia. Its taxonomic position was determined using a polyphasic approach. Results from chemotaxonomic analyses showed MK-9(H 4 ), ) and MK-9(H 2 ) as the predominant menaquinones. The major polar lipids comprised diphosphatidylglycerol, phosphatidylcholine, phosphatidylethanolamine, phosphatidylinositol, glycophosphatidylinositol, hydroxy-phosphatidylethanolamine and three unidentified phospholipids. The fatty acids consisted of significant amounts (!10 %) of iso-C 16 : 0 , C 17 : 1 !8c, iso-C 15 : 0 and Some strains of this genus were isolated from marine biotopes [2, 4, 9] and also found as endophytes [7] , but most of them were best known to be monument and stone dwellers [3, 5, 8, 10, 11] . The isolation of Blastococcus strains from harsh environments suggests an effective ecological adaptation. Proteogenomic data provide a solid foundation for investigating the varied strategies they use to adapt to their lifestyles [12] .
The genus Blastococcus of the family Geodermatophilaceae [1] was first proposed by Ahrens and Moll [2] and then emended by Urzi et al. [3] , Lee [4] and Hezbri et al. [5] . Phylogenetic analysis based on 16S rRNA gene sequences showed that the genus Blastococcus falls within the family Geodermatophilaceae, order Geodermatophiliales, class Actinobacteria [6] . At the time of writing, there were six validly published species of the genus Blastococcus [2-5, 7, 8] . Some strains of this genus were isolated from marine biotopes [2, 4, 9] and also found as endophytes [7] , but most of them were best known to be monument and stone dwellers [3, 5, 8, 10, 11] . The isolation of Blastococcus strains from harsh environments suggests an effective ecological adaptation. Proteogenomic data provide a solid foundation for investigating the varied strategies they use to adapt to their lifestyles [12] .
In the present study, the taxonomic status of new isolated strain BMG 862
T was determined using a polyphasic approach. Based on the obtained results, we propose that strain BMG 862
T should be placed in the genus Blastococcus as the type strain of a novel species.
Strain BMG 862
T was originally isolated from marble dust collected from Bulla Regia monuments located in Northern Tunisia. The sample was serially diluted with a saline solution (0.9 % (w/v) NaCl), shaken for 1 h at 26 C, kept overnight at 4 C and then again shaken for 2 h [13] . The suspension was spread on Luedemann medium (DSMZ medium 877) [14] and R2A (DSMZ medium 830) both supplemented with cycloheximide (0.01 %) and incubated at 28 C for 2 weeks [13] . A single colony was purified by subculturing onto new plates of GYM Streptomyces medium (DSMZ medium 65) and maintained as a glycerol suspension (35 %, v/v) at À80 C for long-term maintenance.
In order to determine cell morphology, strain BMG 862 T was grown on GYM Streptomyces medium at 28 C for 15 days and then observed by using light (AxioScope A1, Zeiss) and field-emission scanning electron (FE-SEM Merlin, Zeiss) microscopes. Colonies and general cultural characteristics were observed from culture grown at 28 C for 15 days on different media: GYM Streptomyces medium, R2A medium, Luedemann medium, complex medium 5006 and ISP2, ISP5 and ISP7 media (ISP, International Streptomyces Project) [15] .
The phenotypic properties of the novel strain were examined using the following standard methods. The Gram type of the strain was found according to Gregersen [16] . Catalase activity was determined based on the formation of bubbles immediately following the addition of one drop of 3 % hydrogen peroxide. Oxidase activity was tested using filter paper discs (Sartorius grade 388) soaked with 1 % aqueous solution of N,N,N¢,N¢-tetramethyl-p-phenylenediamine (Sigma-Aldrich); a positive test turned the oxidase reagent from colourless to purple deep blue or purple after applying biomass to the filter paper. The temperature range and the optimum growth one were tested at 5-45 C (at intervals of 5 C) on plates of GYM Streptomyces medium and at 50-60 C on modified GYM Streptomyces medium by adding MgCl 2 and substituting agar with GELRITE (Sigma-Aldrich) [17] . Growth were assessed for pH values from 4 to 12.5 (at intervals of 0.5 pH unit) using modified ISP2 medium by adding NaOH or HCl, respectively, since the use of a buffer system inhibited the growth of the isolated strain.
Degradation of specific substrates was examined using agar plates with different basal media: tyrosine degradation was determined as previously described by Gordon and Smith [18] on plates containing peptone (0.5 %), beef extract (0.3 %), L-tyrosine (0.5 %) and agarose (1.5 %); xanthine (0.4 %) and hypoxanthine (0.4 %) decomposition were examined using the same basal medium; casein degradation was tested on plates containing milk powder (5 %, w/v), NaCl (0.5 %) and agarose (1 %); starch degradation was tested on plates containing nutrient broth (0.8 %), starch (1 %) and agarose (1.5 %) and then developed by flooding in 1 % iodine solution. Gelatin degradation was also tested as described by Clarke [19] . A positive result for all tests was defined by the appearance of clear zones around the colonies. Furthermore, production of indole, nitrate reduction [18] and aesculin hydrolysis [20] was also assessed.
Enzymatic activities were determined by using API ZYM kits and following the manufacturer's instructions (Bio-M erieux) except that the enzymatic profiles were identified after 24 T , were performed using GEN III microplates in an Omnilog device (BIOLOG) as previously described by Hezbri et al. [8] . Each strain was studied in two independent technical replicates. Data were exported and analysed using the opm package for R version 1.0.6 [21, 22] . Reactions with a distinct behaviour between the two replicates were regarded as ambiguous.
Chemotaxonomic studies were carried using biomass from culture grown until late exponential phase in shaking flasks of liquid GYM Streptomyces medium at 180 r.p.m. and 28 C except for quantitative fatty acid analysis where cells were grown on oligotrophic PYGV agar plates (DSMZ medium 621) as previously detailed by Hezbri et al. [8] for consistency with other isolates under study.
Polar lipids were extracted, separated by two-dimensional thin-layer chromatography (TLC) using 10Â10 cm TLC silica gel 60 F 254 plates (Merck) and identified by the method of Minnikin et al. [23] with the modifications proposed by Kroppenstedt and Goodfellow [24] [molybdophosphoric acid, a-naphthol-sulphuric acid, ninhydrin (0.2 %; Merck) and Molybdenum blue reagents (Sigma) were used to reveal polar lipids]. In addition, choline-containing lipids were detected by spraying with Dragendorff's reagent (Merck) [25] .
Menaquinones (MK) were extracted from about 300 mg freeze-dried cells as described by Collins et al. [26] and analysed by high-performance liquid chromatography (HPLC) using reverse phase (RP18 column) and a silver loaded ion exchanger as described by Kroppenstedt [27] .
Whole-cell amino acids and sugars were prepared according to the methods of Lechevalier and Lechevalier [28] followed by TLC analysis [29] . The composition of peptidoglycan hydrolysates (6M HCl, 100 C for 16 h) was analysed by TLC on cellulose plates as outlined by Schleifer and Kandler [30] . For fatty acid analysis, an optimized protocol for Blastococcus species was used [5] , which consists of growing cells on PYGV agar plates held at 20 C for 15 days and harvesting from the same sector (the last quadrant streak). Analysis was conducted using the Microbial Identification System (MIDI System; Sherlock Version 6.1 (method TSBA40, ACTIN6 database) [31] . The annotation of the fatty acids in the ACTIN6 peak naming table was consistent with IUPAC nomenclature (i.e. double bond positions identified with reference to the carboxyl group of the fatty acid), but for consistency with other publications this has been altered to numbering from the aliphatic end of the molecule (i.e. 16 : 1 CIS 9 becomes 16 : 1 !7c, etc).
The G+C content of the DNA was determined using the HPLC method of Mesbah et al. [32] . Genomic DNA was extracted and purified, and PCR-mediated amplification and sequencing of the 16S rRNA gene was performed as described by Rainey et al. [33] . The 16S rRNA gene sequence of strain BMG 862 T was aligned with corresponding sequences obtained from the DDBJ/EMBL/GenBank databases by using the EzTaxon (https://www.ezbiocloud. net/) [34] and RDP-II [35] servers. Phylogenetic analyses and rooting of the inferred trees were realized using DSMZ phylogenomics pipeline [36] adapted to single genes integrated in the Genome-to-Genome Distance Calculator (GGDC) web server [37] available at http://ggdc.dsmz.de/. Determination of pairwise similarities were conducted as previously outlined by Meier-Kolthoff et al. [38] for the 16S rRNA gene available via the GGDC web server. For DNA-DNA hybridization tests, cells were disrupted by using a Constant Systems TS 0.75 KW (IUL Instruments). DNA in the crude lysate was purified by chromatography on hydroxyapatite as described by Cashion et al. [39] . DNA-DNA hybridization was carried out as described by De Ley et al. [40] with the modifications proposed by Huss et al.
[41] using a model Cary 100 Bio UV/VIS spectrophotometer equipped with a Peltier-thermostatted 6Â6 multicell changer and a temperature controller with an in situ temperature probe (Varian).
The cells were Gram-stain-positive, non-motile cocci that tended to form aggregates (Fig. 1) . Colonies were convex, nearly circular and opaque with a moist surface and an entire margin, orange-pink to orange pigmented. Strain BMG 862
T was able to hydrolyse xanthine. Results of the physiological characterization and species description are summarized in Table 1 . Other physiological properties are given in Fig. S1 (available in the online version of this article).
With regard to chemotaxonomic characteristics, the predominant menaquinone was MK-9(H 4 ) (50 %), in agreement with values reported for the family Geodermatophilaceae [1, 42] . Additionally, other menaquinones were found as follows: MK-8(H 4 ) (21.6 %) and MK-9(H 2 ) (19.3 %). These findings were in accordance with the menaquinone profiles reported for all type strains of the genus Blastococcus [5] . The cell wall was type III according to the presence of meso-diaminopimelic acid in the peptidoglycan and was similar for other Blastococcus species [3, 5, 7, 8] . Whole-cell sugars consisted of galactose, glucose and ribose. The presence of glucose and ribose was previously described in all the Blastococcus species as previously outlined [5] . However, galactose was only detected for B. endophyticus and B. saxobsidens [5] . The major polar lipids comprised diphosphatidylglycerol, phosphatidylcholine, phosphatidylethanolamine, phosphatidylinositol and glycophosphatidylinositol, which are consistent with results found for the genus [5] . Hydroxy-phosphatidylethanolamine and three unidentified phospholipids were also present in minor amounts, as shown in the chromatogram (Fig. S2) . The unambiguous presence of hydroxy-phosphatidylethanolamine was already detected by Hezbri et al. [5] in the polar lipid profile of B. jejuensis DSM 19597 T in spite of the fact it was wrongly annotated as phosphatidylethanolamine in B. colisei [11] . The fatty acids comprised mainly iso-C 16 : 0 (19.4 %), C 17 : 1 !8c (19.1 %), iso-C 15 : 0 (14.4 %) and C 16 : 1 !7c (11.3 %), which is in accordance with the major fatty acids described for the genus Blastococcus (Table S1 ).
The almost-complete 16S rRNA gene sequence (1362 bp) of strain BMG 862 T was determined. The 16S rRNA gene sequence analysis supports that the novel strain belongs to the genus Blastococcus of the family Geodermatophilaceae (Fig. 2) T (11.5±0.9 %). These values were far below the threshold value of 70 % recommended [43] as indicating the affiliation to the same species. The DNA G+C content was 74.7 mol%.
Based on the above data, it is proposed that the isolate BMG 862 T (=DSM 46842 T =CECT 8884 T ) should be classified as a novel species of the genus Blastococcus, for which we propose the name Blastococcus xanthinilyticus sp. nov.
DESCRIPTION OF BLASTOCOCCUS XANTHINILYTICUS SP. NOV.
Blastococcus xanthinilyticus [xan.thi.ni.ly¢ti.cus. N.L. n. xanthinum xanthine; N.L. adj. lyticus (from Gr. adj. lytikos) able to dissolve; N.L. masc. adj. xanthinilyticus hydrolysing xanthine].
Colonies are orange-pink to orange pigmented, glossy and convex with entire margins and smooth surfaces. Gram-stain-positive, oxidase-negative and catalase-negative cells occur singly or in three-dimensional coccoid aggregates. Shows good growth on GYM Streptomyces, Luedemann, R2A, ISP2, ISP5, ISP7 and 5006 media. No diffusible pigments are produced on any medium tested. It grows at a temperature range of C with an optimum at [28] [29] [30] [31] [32] [33] [34] [35] C and at pH 6-10 with an optimal pH range of 6.5-8. NaCl is not needed for growth. Nitrate reduction, indole production and degradation of aesculin, 
Utilization of: e *The components are listed in decreasing order of quantity. †Only components making up !10 % peak area ratio are shown. ‡Only components making up !1 % peak area ratio are shown: a, data taken from Urzi et al. [3] ; b, data taken from Zhu et al. [7] ; c, data taken from Ahrens and Moll [2] ; d, data taken from Lee [4] ; e, data taken from Chouaia et al. [44] . Fig. 2 . Phylogenetic position of strain BMG 862 T based on maximum-likelihood treeing using 16S rRNA gene sequences. The maximum-likelihood tree was inferred using the GTR+GAMMA model and rooted by midpoint-rooting; the branches are scaled in terms of the expected number of substitutions per site. The numbers above the branches are support values when larger than 60 % from maximum-likelihood (left) and maximum-parsimony (right) bootstrapping.
acids consist mainly of iso-C 16 : 0 , C 17 : 1 !8c, iso-C 15 : 0 and C 18 : 1 !9c.
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